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1
PROCESS OF PREPARATION OF AN
ADDITIVE AND ITS USE

FIELD OF INVENTION

The present invention relates to a process for preparing an
additive with at least one property of corrosion reduction,
dispersancy or detergency. The invention further relates to
the use of the additive in a liquid fuel or oil of lubricating
viscosity.

BACKGROUND OF THE INVENTION

Commercial diesel fuels contain impurities that can lead
to deposition of solids and gums in engines during fuel
combustion. Such engine deposit problems are of greater
significance for diesel fuels than gasoline fuels because the
diesel fuels generally contain greater concentrations of high
molecular weight materials. The thermal breakdown of such
materials forms insoluble deposits on the engine that can
reduce operating efficiency and, ultimately, can lead to
corrosion or blockage of fuel injectors and other critical
working elements of an engine. To overcome these problems
detergent/dispersant additives such as a polyisobutylene
succinimide have been extensively used to reduce deposits
formation, whereas as a hydrolysed polyisobutylene suc-
cinic acid is used to reduce corrosion.

Furthermore, Global legislation towards a reduction of
certain components of exhaust emissions, including NO,
(nitrogen oxides) and particulate matter such as soot and
oxides of sulphur, produced by automotive engines has
resulted in a decrease in the sulphur content of fuel such as
diesel fuel and gasoline since the sulphur upon combustion
produces highly acidic products and can interfere with the
functioning of exhaust after-treatment devices of internal
combustion engines. In many countries the sulphur content
of fuel has been or is being decreased to less than 50 ppm
and newer fuels have even lower sulphur contents of 20 ppm
or less. Fuels with a sulphur content of 20 ppm or less are
often referred to as ultra-low sulphur fuels.

Furthermore in an attempt to meet emissions targets,
automotive manufacturers are developing exhaust after-
treatment devices to further reduce emissions. These exhaust
after-treatment devices are known to be susceptible to sul-
phur poisoning even at low sulphur concentrations from
sulphur-containing components evolved during fuel com-
bustion. As a consequence of sulphur poisoning, exhaust
after-treatment devices may be less efficient which can
decrease the performance of the engine and can increase the
amounts of regulated components, such as NO, and particu-
late matter and hydrocarbons and carbon monoxide, emitted
from the exhaust of the engine. It is known that the prepa-
ration of a succinimide dispersant/detergent can be done in
the presence of a medium including an aromatic solvent or
diluent, such as, xylene or toluene or a 100 Neutral mineral
oil. However these mediums generally have low flash points
and compositions and processes using such mediums are
usually limited to lower processing temperatures and have
increased flammability risks. In principle higher molecular
weight aromatic compounds with higher flash points may be
used. However, many of these aromatic compounds have
toxicity issues such as being carcinogenic.

Duncan et al. in International Publication No. WO
02/06428A1 disclose an additive composition for improving
middle distillate fuel oils that comprises a hydrocarbyl-
substituted monosuccinimide dispersant and an oil having a
viscosity at 40° C. of 100 to 400 centistokes.
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2

U.S. Pat. No. 5,241,003 discloses the production of an
ashless dispersant formed from a substituted acylating agent.
The substituted acylating agent is derived from an acylating
agent and a polymer wherein the mole ratio of acylating
agent to polymer is at least 1:1. The acylating agent if further
reacted with an amine or an alcohol in the presence of
diluent mineral base oil.

International Application WO 04/065430 discloses a
method of preparing a reaction product of a polyolefin
polymer having at least 20 carbon atoms with an acid or
anhydride or their esters or combinations thereof having a
color on the Gardner Color scale of 3 or less and optionally
further reacted with an amine or alcohol in the presence of
a diluent oil. The acid or anhydride to polyolefin is less than
1.3:1.

It would be advantageous to have a method of preparing
an additive with at least one property of corrosion reduction,
dispersancy or detergency. The present invention provides
such a method.

It would also be advantageous to have an additive capable
of imparting at least one of improved fuel economy, a
homogeneous air/fuel mix, nozzle cleanliness, injector
cleanliness, improved handling, a final product with a higher
actives content in a medium substantially free of to free of
sulphur i.e. more concentrated and a low sulphur content
into a liquid fuel or an oil of lubricating viscosity. The
present invention provides such an additive.

It would also be advantageous to have an additive derived
from a compound with a concentration of acylating agent
during manufacture which when combined with medium
substantially free of to free of sulphur produces at least one
of improved fuel economy, a homogeneous air/fuel mix,
nozzle cleanliness, injector cleanliness, improved handling.
The present invention provides such an additive

SUMMARY OF THE INVENTION

The present invention provides a process for preparing an
additive comprising the steps of:

(1) reacting a polymer derived from of an olefin contain-
ing 2 to 8 carbon atoms with an acylating agent to form
an acylated polymer; and

(2) reacting the acylated polymer of step (1) in a medium
substantially free of to free of sulphur with:

a. ammonia or an amine to form a succinimide product;
or
b. water to form a hydrolysed product,
wherein the mole ratio of the acylating agent to polymer in
step (1) is from 0.3:1 to 1.6:1.

The invention further provides a composition comprising:

(a) a medium substantially free of to free of sulphur; and

(b) an additive containing an acylating group and a
polymer derived from of an olefin containing 2 to 8
carbon atoms,

wherein the additive has a mole ratio of acylating group to
polymer of 0.3:1 to 1.6:1.

The invention further provides a method of imparting at
least one of detergency, dispersancy, corrosion inhibition or
corrosion reduction to a liquid fuel or lubricating composi-
tion, the method comprising a composition comprising:

(a) a medium substantially free of to free of sulphur;

(b) an additive containing an acylating agent and a
polymer derived from of an olefin containing 2 to 8
carbon atoms; and

(c) a liquid fuel or an oil of lubricating viscosity,
wherein the additive has a mole ratio of acylating agent to
polymer of 0.3:1 to 1.6:1.
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DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides a process for preparing an
additive comprising the steps of:

(1) reacting a polymer derived from of an olefin contain-
ing 2 to 8 carbon atoms with an acylating agent to form
an acylated polymer; and

(2) reacting the acylated polymer of step (1) in a medium
substantially free of to free of sulphur with:

(1) ammonia or an amine to form a succinimide prod-
uct; or
(2) water to form a hydrolysed product,
wherein the mole ratio of the acylating agent to polymer in
step (1) is from 0.3:1 to 1.6:1.

In one embodiment the mole ratio of the acylating agent
to polymer in step (1) of the process is 0.6:1 to 1.5:1, in
another embodiment 0.8:1 to 1.45:1, in another embodiment
1:1 to 1.4:1, in another embodiment 1.1:1 to 1.5:1, and in
another embodiment 1:1 to 1.3:1.

In one embodiment the process of step (1) produces an
acylated polymer with 30 wt % or more as a mono-
substituted acylated polymer, in another embodiment 40 wt
% or more as a mono-substituted acylated polymer, in
another embodiment 50 wt % or more as a mono-substituted
acylated polymer and in another embodiment 60 wt % or
more as a mono-substituted acylated polymer.

In one embodiment the amount of unreacted polymer in
step (1) is less than 30 mole % of polymer, less than 20 mole
% of polymer or less than 10 mole % of polymer.

In embodiments of the invention, step (1) of the process
is carried out at elevated temperatures generally from 150°
C. to 250° C. in the presence of a promoter such as the
halogen chlorine or in the absence of a promoter such as, e.
g., chlorine gas. In other embodiments of the invention, step
(1) is carried out in a batch process or in a continuous
process.

Optionally step (1) of the process contains a medium
substantially free of to free of sulphur.

In one embodiment reacting the acylated polymer with
ammonia or an amine in step (2) of the process, generally
involves heating the reactants at temperatures of 100° C. to
250° C.

In one embodiment reacting the acylated polymer with
water in step (2) of the process, generally involves heating
the reactants at temperatures of 45° C. to 105° C. or 70° C.
to 99° C.

In one embodiment the weight ratio of the additive
prepared in step (2) to the medium may be 1:99 to 99:1, in
another embodiment 5:95 to 95:5, in another embodiment
25:75 to 90:10 and in another embodiment 45:55 to 90:10.
Examples of typical weight ratios of the additive to the
medium include 50:50 to 80:20, 55:45 to 75:25, 60:40 to
70:30 and 65:35 to 85:15.

In one embodiment the process of step (1) and/or step (2)
involves minimal processing to remove of unreacted acy-
lating agent by chemical or physical means. In another
embodiment the process of step (1) and/or step (2) does not
involve removing unreacted acylating agent by chemical or
physical means, for instance, vacuum stripping and/or fil-
tration.

In one embodiment the product of step (2) has a Total
Base Number (TBN) of 3 or more, or 25 or more, 50 or more
or 55 or more. Generally the TBN may be below 100, 90 or
less or 85 or less.
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Polymer

The method includes reacting a polymer derived from of
an olefin containing 2 to 8 carbon atoms and in another
embodiment 3 to 6 carbon atoms. Examples of a suitable
olefin include propylene, isobutylene, pentene or hexane. In
one embodiment the polymer is derived from isobutylene to
form a polyisobutylene.

In one embodiment the polymer has a terminal C—C
double bond group, i.e., a vinylidene group. In one embodi-
ment the vinylidene group is present on 40% or more of the
polymer molecules, in another embodiment the vinylidene
group is present on 50% or more of the polymer molecules,
in another embodiment the vinylidene group is present on
60% or more of the polymer molecules, and in another
embodiment the vinylidene group is present on 70% or more
of the polymer molecules, such as about 75%, about 80% or
about 85%.

The polymer in one embodiment has a number average
molecular weight of 300 to 5000, 450 to 2500, 500 to 1500
or 550 to 1200. In one embodiment the polymer has a
number average molecular weight of about 550, in another
embodiment about 750 and in another embodiment about
950 to 1000.

The polymer polydispersity in one embodiment is 1 to 4
and in another embodiment 1.2 to 2.5.

The polymer may be obtained commercially under the
tradenames of Glissopal®1000 or Glissopal®2300 (com-
mercially available from BASF), TPC®555, TPC®575 or
TPC®595 (commercially available from Texas Petroleum
Chemicals).

The polymer may be derived from a one olefin or com-
binations thereof.

In one embodiment the process further comprises reacting
the succinimide product of step (2) with a boron containing
compound or a zinc oxide to form a borated dispersant or a
zinc containing dispersant. Methods of preparing a boron
containing and/or zinc containing dispersant are well known
in the art and include procedures as described in U.S. Pat.
Nos. 3,163,603 and 3,087,936.

Acylating Agent

The acylating agent of the invention may be a compound
with one or more acid functional groups, such as a carbox-
ylic acid or anhydride thereof. Examples of an acylating
agent include an alpha, beta-unsaturated mono- or polycar-
boxylic acid, anhydride ester or derivative thereof.
Examples of an acylating agent include (meth) acrylic acid,
methyl (meth) acrylate, maleic acid or anhydride, fumaric
acid, itaconic acid or anhydride, or mixtures thereof.
Amine

The amine generally is well known in the art and gener-
ally has at least one reactive N—H bond (nitrogen to
hydrogen bond). The amine is optionally further substituted
with other functional groups, such as a hydroxyl. The amine
includes a monoamine, a polyamines, or mixtures thereof. In
one embodiment the amine contains one or more primary or
secondary amino groups.

The monoamine in one embodiment has 1 to 22 carbon
atoms. Examples of a monoamine include butylamine, meth-
ylamine, dimethylamine, an alkanolamine containing one or
more hydroxy groups such as ethanolamine, or mixtures
thereof.

Polyamines in one embodiment include an alkylenedi-
amine or a substituted alkylenediamine, such as, ethylene-
diamine and N-methyl propylenediamine, polyalkylene
polyamines, for instance, tetracthylenepentamine and poly-
ethylene polyamine bottoms, an alkanolamine containing
one or more hydroxy groups such as 2-(2-aminoethylamino)
ethanol, aminoalkyl substituted heterocyclic compounds
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such as 1-(3-aminopropyl)imidazole and 4-(3-aminopropyl)
morpholine, condensates of polyamines with polyhydroxy
compounds such as condensates of polyethylene polyamines
with tris(hydroxymethyl)aminomethane as described in U.S.
Pat. No. 5,653,152, or mixtures thereof. In an embodiment
the amine is tetracthylenepentamine. In other embodiments
of'the invention, the amine is a polyethylenepolyamine, such
as e. g. tetraethylenepentamine, which is reacted with an
acylated polymer, such as e. g. a polyisobutenylsuccinic
anhydride, where the ratio of amine nitrogen groups to
acylated polymer carbonyl groups is 1.3-2.7:1, 1.4-2.6:1, or
1.6-2.4:1. In a further embodiment of the invention, the
reaction product of the polyethylenepolyamine and acylated
polymer is a gasoline or a diesel fuel additive which is free
of or nearly free of boron.

Medium Substantially Free of to Free of Sulphur

The medium substantially free of to free of sulphur of the
invention (hereinafter referred to as “the medium”) may also
be described as a solvent or a diluent. The medium may be
aliphatic, aromatic, or a mixture thereof. The medium may
be a hydrocarbon, a nonhydrocarbon such as an alcohol or
ester of a carboxylic acid, or a mixture thereof. The medium
may be a single solvent or diluent or a mixture of two or
more solvents or diluents. In an embodiment of the invention
the medium is an aromatic hydrocarbon, and in other
embodiments is a mixture of an aliphatic and an aromatic
hydrocarbon, a mixture of an aliphatic and aromatic hydro-
carbon where the aliphatic hydrocarbon is present at 50% by
weight or more, and an aliphatic hydrocarbon.

The term substantially free of to free of sulphur means
that the medium contains no or only trace amounts of
sulphur. Often the sulphur content of the medium on a
weight basis is below 25 ppm, in another embodiment below
18 ppm, in another embodiment below 10 ppm and in
another embodiment below 8 or 4 ppm. In one embodiment
the medium substantially free of to free of sulphur has a
sulphur content below 2 ppm by weight. Those skilled in the
art will appreciate that the medium may comprise small
quantities of compounds with a sulphur content above the
ranges given hereinabove provided that total sulphur content
of the medium is within the ranges given.

The medium often contains an aliphatic hydrocarbon
solvent or diluent present from at least 50 wt % to 100 wt %,
in another embodiment 60 wt % to 100 wt %, in another
embodiment 70 wt % to 100 wt %, in another embodiment
80 wt % to 100 wt % and in another embodiment 90 wt %
to 100 wt % of the total amount of the medium. In one
embodiment the medium contains an aliphatic hydrocarbon
solvent or diluent present at about 7 wt % of the total amount
of the medium. In one embodiment the medium contains an
aliphatic hydrocarbon solvent or diluent present at about 5
wt % of the total amount of the medium. In one embodiment
the medium contains an aliphatic hydrocarbon solvent or
diluent present at about 0 wt % of the total amount of the
medium.

Often the medium has a boiling point of 150° C. or higher,
in another embodiment 175° C. or higher, in another
embodiment 200° C. or higher and in another embodiment
225° C. or higher. In one embodiment the boiling point is
about 250° C. In one embodiment the boiling point is about
258° C. Those skilled in the art will appreciate that the
medium substantially free of to free of sulphur may include
small quantities of compounds with a boiling point below
the ranges given above provided that the boiling point of the
medium is within the ranges given.

Often the medium substantially free of to free of sulphur
has a flash point of 90° C. or higher, and in other embodi-
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ments of the invention the medium has a flash point of 105°
C. or higher, 120° C. or higher and 130° C. or higher. In
further embodiments of the invention the medium has a flash
point of 145° C. or higher and 150° C. or higher. Those
skilled in the art will appreciate that the medium may
contain small quantities of compounds with a flash point
below the ranges given above provided that the flash point
of the medium is within the ranges given. The flash point
may be determined by the Pensky Closed Cup method as
described in ASTM (American Society For Testing And
Materials) Test Method D93.

In one embodiment the medium substantially free of to
free of sulphur is an aliphatic solvent or diluent that is an oil
of lubricating viscosity such as an API Group II, III, IV or
V base oil. Examples of commercially available aliphatic
hydrocarbon solvents or diluents, to include oils of lubri-
cating viscosity, are Pilot™ 140 and Pilot™ 299 and Pilot™
900 available from Petrochem Carless, Petro-Canada™
100N, Nexbase™, Yubase™, and poly(alpha-olefins), such
as, PAO-5, PAO-6, PAO-7 and PAO-8.

In one embodiment the medium substantially free of to
free of sulphur is an aliphatic solvent or diluent that is a low
viscosity composition having a 100° C. kinematic viscosity
of 1 ¢St or less. Examples of a low viscosity composition
include a petroleum distillate such as a kerosene, an alkane,
an alkene, an alcohol, a ketone, an ester of a carboxylic acid,
or a mixture thereof.

In another embodiment of the invention the medium
contains an aromatic solvent or diluent to include aromatic
hydrocarbons such as toluene, xylenes and alkylated ben-
zenes. Additional examples of commercially available aro-
matic hydrocarbon solvents or diluents include from Shell
Chemical Shellsolv AB™ and from Exxon Chemical the
Aromatic™ series of solvents Aromatic™ 100, Aromatic™
150 and Aromatic™ 200, the Solvesso™ series of solvents
Solvesso™ 100, Solvesso™ 150 and Solvesso™ 200, and
HAN™ 857. If present the aromatic solvent or diluent, may
be present at less 50 wt % of the medium, in another
embodiment at less than 25 wt % of the medium and in
another embodiment at less than 5 wt % of the medium.

In embodiments of the invention the medium substan-
tially free of to free of sulphur is a low viscosity composition
having an aliphatic hydrocarbon content on a weight basis of
at least 50 or 60 or 70 or 80 or 90% to 100%. For example
the low viscosity composition could be a petroleum distillate
having an aliphatic content of 90% and an aromatic content
of 10%, or could be 80% aliphatic petroleum distillate and
20% alcohol.

Composition

The invention further provides a composition comprising:

(a) a medium substantially free of to free of sulphur; and

(b) an additive containing an acylating group and a

polymer derived from of an olefin containing 2 to 8
carbon atoms,
wherein the additive has a mole ratio of acylating group to
polymer of 0.3:1 to 1.6:1, 0.8:1 to 1.45:1, or 1:1 to 1.4:1. In
embodiments of the invention the additive of this composi-
tion can be a reaction product, as described throughout the
application, of an acylated polymer and ammonia, an amine,
or water.
Liquid Fuel

The fuel composition of the present invention optionally
comprises a liquid fuel and is useful in fueling an internal
combustion engine. The liquid fuel is normally a liquid at
ambient conditions. The liquid fuel may be a hydrocarbon
fuel, a nonhydrocarbon fuel, or a mixture thereof. The
hydrocarbon fuel may be a petroleum distillate to include a
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gasoline as defined by ASTM specification D4814 or a
diesel fuel as defined by ASTM specification D975. In an
embodiment of the invention the liquid fuel is a gasoline,
and in other embodiments the liquid fuel is a leaded gaso-
line, or a nonleaded gasoline. In another embodiment of this
invention the liquid fuel is a diesel fuel. The hydrocarbon
fuel may be a hydrocarbon prepared by a gas to liquid
process to include for example hydrocarbons prepared by a
process such as the Fischer-Tropsch process. The nonhy-
drocarbon fuel may be an oxygen containing composition,
often referred to as an oxygenate, to include an alcohol, an
ether, a ketone, an ester of a carboxylic acid, a nitroalkane,
or a mixture thereof. The nonhydrocarbon fuel may include
for example methanol, ethanol, methyl t-butyl ether, methyl
ethyl ketone, transesterified oils and/or fats from plants and
animals such as rapeseed methyl ester and soybean methyl
ester, and nitromethane. Mixtures of hydrocarbon and non-
hydrocarbon fuels may include for example gasoline and
methanol and/or ethanol, diesel fuel and ethanol, and diesel
fuel and a transesterified plant oil such as rapeseed methyl
ester. In an embodiment of the invention the liquid fuel is an
emulsion of water in a hydrocarbon fuel, a nonhydrocarbon
fuel, or a mixture thereof. In several embodiments of this
invention the liquid fuel may have a sulphur content on a
weight basis that is 5000 ppm or less, 1000 ppm or less, 300
ppm or less, 200 ppm or less, 30 ppm or less, or 10 ppm or
less.

The liquid fuel of the invention is present in a fuel
composition in a major amount that is generally greater than
50% by weight, and in other embodiments is present at
greater than 90% by weight, greater than 95% by weight,
greater than 99.5% by weight, or greater than 99.8% by
weight.

Oil of Lubricating Viscosity

The lubricating oil composition includes natural or syn-
thetic oils of lubricating viscosity, oil derived from hydro-
cracking, hydrogenation, hydrofinishing, and unrefined,
refined and re-refined oils and mixtures thereof.

Natural oils include animal oils, vegetable oils, mineral
oils and mixtures thereof. Synthetic oils include hydrocar-
bon oils, silicon-based oils, and liquid esters of phosphorus-
containing acids. Synthetic oils may be produced by Fischer-
Tropsch gas-to-liquid synthetic procedure as well as other
gas-to-liquid oils. In one embodiment the polymer compo-
sition of the present invention is useful when employed in a
gas-to-liquid oil. Often Fischer-Tropsch hydrocarbons or
waxes may be hydroisomerised.

In one embodiment the base oil is a polyalphaolefin
including a PAO-2, PAO-4, PAO-5, PAO-6, PAO-7 or PAO-
8. The polyalphaolefin in one embodiment is prepared from
dodecene and in another embodiment from decene.

Oils of lubricating viscosity may also be defined as
specified in the American Petroleum Institute (API) Base Oil
Interchangeability Guidelines. In one embodiment the oil of
lubricating viscosity comprises an API Group I, IL, I, IV, V,
VI or mixtures thereof, and in another embodiment API
Group 11, II1, IV or mixtures thereof. In another embodiment
the oil of lubricating viscosity is a Group III or IV base oil
and in another embodiment a Group IV base oil. If the oil of
lubricating viscosity is an API Group II, 111, IV, V or VI oil
there may be up to 40 wt % and in another embodiment up
to a maximum of 5 wt % of the lubricating oil an API Group
1 oil present.

The oil of lubricating viscosity in one embodiment is
present from 60 wt % to 99.5 wt % of the composition or 75
wt % to 97 wt % of the composition.
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8
Additional Performance Additive

The method optionally comprises a composition of which
further includes at least one additional performance additive.
The other performance additives include metal deactivators,
detergent, dispersant, viscosity modifiers, friction modifiers,
dispersant viscosity modifiers, extreme pressure agents,
antiwear agents, antioxidant, corrosion inhibitors, foam
inhibitors, demulsifiers, pour point depressants, seal swell-
ing agents and mixtures thereof.

The total combined amount of the additional performance
additive compounds present on an oil free basis ranges from
0 wt % to 25 wt % or 0.01 wt % to 20 wt % of the
composition. Although one or more of the other perfor-
mance additives may be present, it is common for the other
performance additives to be present in different amounts
relative to each other.

In one embodiment the composition is in a concentrate
forming amount. If the present invention is in the form of a
concentrate (which may be combined with additional oil to
form, in whole or in part, a finished lubricant and/or liquid
fuel), the ratio of the additive of the invention and/or other
additional performance additives in an oil of lubricating
viscosity and/or liquid fuel, to diluent oil is in the range of
80:20 to 10:90 by weight.

Antioxidants include a molybdenum dithiocarbamate, a
sulphurised olefin, a hindered phenol, a diphenylamine;
detergents include neutral or overbased, Newtonian or non-
Newtonian, basic salts of alkali, alkaline earth and transition
metals with one or more of a phenate, a sulphurised phenate,
a sulphonate, a carboxylic acid, a phosphorus acid, a mono-
and/or a di-thiophosphoric acid, a saligenin, an alkylsalicy-
late, a salixarate; and dispersants include N-substituted long
chain alkenyl succinimide as well as posted treated version
thereof, post-treated dispersants include those by reaction
with urea, thiourea, dimercaptothiadiazoles, carbon disul-
phide, aldehydes, ketones, carboxylic acids, hydrocarbon-
substituted succinic anhydrides, nitriles, epoxides, boron
compounds, and phosphorus compounds.

Antiwear agents include compounds such as metal thio-
phosphates, especially zinc dialkyldithiophosphates; phos-
phoric acid esters or salt thereof; phosphites; and phospho-
rus-containing carboxylic esters, ethers, and amides;
antiscuffing agents including organic sulphides and polysul-
phides, such as benzyldisulphide, bis-(chlorobenzyl) disul-
phide, dibutyl tetrasulphide, di-tertiary butyl polysulphide,
di-tert-butylsulphide, sulphurised Diels-Alder adducts or
alkyl sulphenyl N'N-dialkyl dithiocarbamates; and Extreme
Pressure (EP) agents including chlorinated wax, organic
sulphides and polysulphides, such as benzyldisulphide, bis-
(chlorobenzyl) disulphide, dibutyl tetrasulphide, sulphurised
methyl ester of oleic acid, sulphurised alkylphenol, sul-
phurised dipentene, sulphurised terpene, and sulphurised
Diels-Alder adducts; phosphosulphurised hydrocarbons,
metal thiocarbamates, such as zinc dioctyldithiocarbamate
and barium heptylphenol diacid; may also be used in the
composition of the invention.

Additionally the invention may also include friction
modifiers including fatty amines, esters such as borated
glycerol esters, partial esters of glycerol such as glycerol
monooleate, fatty phosphites, fatty acid amides, fatty epox-
ides, borated fatty epoxides, alkoxylated fatty amines,
borated alkoxylated fatty amines, metal salts of fatty acids,
fatty imidazolines, condensation products of carboxylic
acids and polyalkylene-polyamines, amine salts of alkyl-
phosphoric acids; viscosity modifiers including hydroge-
nated copolymers of styrene-butadiene, ethylene-propylene
polymers, polyisobutenes, hydrogenated styrene-isoprene
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polymers, hydrogenated isoprene polymers, polymethacry-
late acid esters, polyacrylate acid esters, polyalkyl styrenes,
alkenyl aryl conjugated diene copolymers, polyolefins, poly-
alkylmethacrylates and esters of maleic anhydride-styrene
copolymers; and dispersant viscosity modifiers (often
referred to as DVM) include functionalised polyolefins, for
example, ethylene-propylene copolymers that have been
functionalized with the reaction product of maleic anhydride
and an amine, a polymethacrylate functionalised with an
amine, or styrene-maleic anhydride copolymers reacted with
an amine; may also be used in the composition of the
invention.

Other performance additives such as corrosion inhibitors
including octylamine octanoate, condensation products of
dodecenyl succinic acid or anhydride and a fatty acid such
as oleic acid with a polyamine; metal deactivators including
derivatives of benzotriazoles, 1,2,4-triazoles, benzimida-
zoles, 2-alkyldithiobenzimidazoles or 2-alkyldithiobenzo-
thiazoles; foam inhibitors including copolymers of ethyl
acrylate and 2-ethylhexylacrylate and optionally vinyl
acetate; demulsifiers including polyethylene glycols, poly-
ethylene oxides, polypropylene oxides and (ethylene oxide-
propylene oxide) polymers; pour point depressants includ-
ing esters of maleic anhydride-styrene, polymethacrylates,
polyacrylates or polyacrylamides; and seal swell agents
including Exxon Necton-37™ (FN 1380) and Exxon Min-
eral Seal Oil (FN 3200); may also be used in the composition
of the invention.

The invention further provides a method of imparting at
least one of detergency, dispersancy, corrosion inhibition or
corrosion reduction to a liquid fuel or lubricating composi-
tion, the method comprising lubricating or fueling with a
composition comprising:

(d) a medium substantially free of to free of sulphur;

(e) an additive containing an acylating agent and a poly-

mer derived from of an olefin containing 2 to 8 carbon
atoms; and

(®) a liquid fuel or an oil of lubricating viscosity,
wherein the additive has a mole ratio of acylating agent to
polymer of 0.3:1 to 1.6:1, 0.8:1 to 1.45:1, or 1:1 to 1.4:1. In
embodiments of the invention, the additive of this compo-
sition can be a reaction product, as described throughout the
application, of an acylated polymer and ammonia, an amine,
or water.

In one embodiment the additive is the hydrolysed product
and it has corrosion inhibition or corrosion reduction prop-
erties.

In one embodiment the additive is the succinimide prod-
uct and it has detergent, dispersant properties.

Industrial Application

In one embodiment the invention is useful for a liquid fuel
or for an internal combustion engine. In another embodi-
ment the invention is useful for an oil of lubricating viscosity
for lubricating an internal combustion engine.

The internal combustion engine includes a 2-stroke or
4-stroke engine fuelled with gasoline, diesel, a natural gas or
a mixed gasoline/alcohol. The diesel engine includes both
light duty and heavy duty diesel engines. The gasoline
engine includes a direct injection gasoline engine.

In one embodiment the invention is useful for imparting
to a fuel composition at least one of improved fuel economy,
a homogeneous air/fuel mix, nozzle cleanliness, injector
cleanliness, improved handling and a final product with a
higher actives content in the medium substantially free of to
free of sulphur i.e. more concentrated. The composition of
the present invention, as described throughout the applica-
tion, comprising a medium, which can be substantially free
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of to free of sulphur, and an additive, derived from the
reaction product of an olefin polymer and an acylating agent,
will generally have a lower viscosity at the same actives
level or an increased concentration of actives at the same
viscosity compared to a composition containing an additive
derived from a reaction product in which the ratio of
acylating agent to polymer is greater, that is, in which more
equivalents of acylating agent are reacted per equivalent of
polymer. The composition of this invention provides a
method to reduce the viscosity of an additive concentrate for
improved handling/transferring or to increase the level of
actives in an additive concentrate while maintaining the
ability to handle/transfer the concentrate.

The following examples provide an illustration of the
invention. These examples are non exhaustive and are not
intended to limit the scope of the invention.

EXAMPLES
Preparative Example 1
Ratio Maleic Anhydride to Polyisobutylene of 1.3:1

18.18 Kg of Glissopal 1000 (number average molecular
weight ~1000 and a vinylidene content of >70%, 1 equiv.)
is charged into a sealed vessel at 100° C. and stirred. The
vessel is heated to 167° C. and vacuum applied. The vessel
is then pressurised with a nitrogen atmosphere (1 barg)
whilst heating to 175° C. Once stabilized at 175° C., maleic
anhydride is added via a jacketed syringe pump (ISCO
pump) with traced lines. The vessel is then heated to a 220°
C. over 4 hours from the initial charge of maleic anhydride
addition. A further 65 ml of maleic anhydride is added in one
dose, followed by a continuous feed of maleic anhydride at
a rate of 22 ml/min for 50 minutes. After a further 3 hours
10 mins a further 818 ml of maleic anhydride is charged over
37 minutes, whilst heating the vessel to 225° C. by the end
of the addition. The reaction is then held at 225° C. for a
further 10 hours. The total amount of MAA added through-
out the reaction is 2.32 kg, 1.3 equivs. The final product has
a Kinematic Viscosity at 100° C. of 570 ¢St (mn/s), and a
TAN of 127 mgKOH/g.

Preparative Example 2
Ratio Maleic Anhydride to Polyisobutylene of 1.2:1

The process is the same as Preparative Example 1, except
the amount of maleic anhydride is reduced to provide a
product with a maleic anhydride to polyisobutylene ratio of
1.2:1.

Preparative Examples 3 to 4
Ratio Maleic Anhydride to Polyisobutylene of 1.3:1

Same as Preparative Example 1, except polyisobutylene
TPC®555 and TPC®575 are used instead of Glisopal®1000
respectively. TPC®555 has a number average molecular
weight of 550 and TPC®575 has a number average molecu-
lar weight of 750.

Comparative Preparative Example 1

37,000 Kg of Glissopal®1000 is charged into a sealed
vessel at 100° C. along with 1 liter of antifoam agent. The
vessel is heated to 167° C. under vacuum and then pres-
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surised to 100 kPa with nitrogen before heating to 175° C.
1883 Kg of maleic anhydride was added over a period of 70
minutes whilst heating the vessel to 220° C. over 4 hours.
The vessel is then charged with 6240 Kg of maleic anhy-
dride and reacted for 4 hours. Unreacted maleic anhydride is
removed by vacuum stripping. The final product has a Total
Acid Number of 152 and a maleic anhydride to Glissopal®
1000 ratio of 2.24:1.

Example 1 (EX 1)

1366 g of the product of Preparative Example 1, is stirred
into 134 g of Pilot®900 in a vessel to form a mixture. The
mixture is then filtered through a Celite pad under vacuum.
The mixture is then heated to 110° C. and stirred at 300 rpm
under nitrogen. 36.1 g of tetracthylene pentamine (TEPA) is
added dropwise over 30 minutes before heating the vessel to
175° C. and held for 4 hours. The vessel was then cooled to
provide a product with a Kinematic Viscosity at 100° C. of
482 mm/s (cSt); a TBN of 72 and a nitrogen content of 3.66
wt %. The final product has 73 wt % polyisobutylene
succinimide and 27 wt % Pilot®900 and nitrogen to carbo-
nyl ratio of 1.8:1.

Example 2 (EX 2)

The product of Preparative Example 2 vessel is further
charged with 122.4 g of Pilot®900 commercially available
from Petrochem Carless. The vessel is equipped with a
paddle stirrer, a dog leg adaptor and mechanical stirrer
before and then sealed with an inlet for an inert gas (nitro-
gen). The contents of the vessel are warmed to 110° C. and
stirred at 500 rpm. To the vessel, 114.9 g of tetraethylene
pentamine (TEPA) is then added drop wise over 78 minutes.
10 g of Pilot® 900 is charged to the dropping funnel and
added to the reaction helping to wash in any residual TEPA.
The vessel is lagged with glass wool and the temperature
increased to 175° C. Once at 175° C. the reaction is held for
4 hours. Analysis of the product indicates a nitrogen to
carbonyl ratio of 1.79:1. The final product has 15 wt %
Pilot®900 and 85 wt % of a polyisobutylene succinimide.

Example 3 (EX 3)

340 g of the polyisobutylene succinic anhydride from
Preparative Example 1, and 60 g of Pilot®900 are charged
into a vessel and blended for 1 hour. The contents of the
vessel are stirred at 400 rpm and heated to 90° C. The vessel
is then charged with nitrogen to provide an inert atmosphere
before charging with 5.9 g of water over 10 minutes and
stirring for 2 hours. The product formed has a Total Acid
Number of 163 mg/KOH and a Kinematic Viscosity at 100°
C. of 500 mm/s (cSt). The product formed contains 85 wt %
hydrolysed product and 15 wt % Pilot®900. The carbonyl to
water ratio is 0.5:1

Reference Example 1 (REF 1)

Reference Example 1 is prepared in a similar process to
Example 1, except Pilot®900 is replaced with SN330 Base
Oil. The succinimide final product is present at 60 wt % with
the SN330 present at 40 wt %.

Reference Example 2 (REF 2)

Reference Example 2 is prepared using 35560 Kg of the
product of Comparative Preparative Example 1, adding
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SN330 base oil to and further placing in a vessel purged with
nitrogen. The vessel is heated to 110° C. and 3777 Kg of
tetraethylene pentamine (TEPA) is added over 3 hours with
the temperature varying from 110° C. to 120° C. throughout
the addition. The vessel is then heated to 150° C. for 4 hours
and further purged with nitrogen for 1 hour. The vessel is
then heated to 175° C. and held for 4 hours. After cooling the
final product has a nitrogen to carbonyl ratio of 2.24:1, a
Kinematic Viscosity at 100° C. of 495 mm/s (cSt) and a TBN
of 79. The amount of SN330 base oil present is enough to
provide a final product with 60 wt % succinimide and 40 wt
% SN330.

Reference Example 3 (REF 3)

Reference Example 3 is the same as Reference Example
2, except SN330 is replaced with Pilot®900.
Test 1: XUD9 Fouling Test

The XUD?9 fouling test is carried out according to the
CEC test method CEC F-23-A-01 and International Stan-
dard method ISO 4010. Generally better results are obtained
for samples with a lower flow blockage values and higher
remaining flow values. The amount of additive employed in
the test for each example is also shown in Table 1. The
results obtained were:

TABLE 1
Average of 2 Average of 2
Experiments Experiments
Dosage of for Flow Blockage for Flow

Example Additive in Fuel (%) Remaining (%)
REF 1 80 55.4 44.5
REF 2 80 61 39
REF 3 80 57 43
EX1 70 475 525

The results indicate the combination of a succinimide
additive as described in the invention in combination with a
medium substantially free of to free of sulphur causes
reduced fouling compared to the reference examples. Fur-
thermore the reduced fouling occurs with a dosage of 10
ppm less than the reference examples.

By comparing the succinimide wt % and the Kinematic
Viscosity at 100° C. of each final product, the results indicate
that the invention is able to produce a more concentrated
product relative the reference examples. Furthermore, the
Kinematic Viscosity of each of the final products of the
invention is similar or less than the reference examples.
Consequently, the final products of the invention have a
higher succinimide content which results in improved
handleability.

Test 2: Corrosion in Presence of Water

The corrosion test is carried out by following the ASTM
Method D665-03, Procedure A (Distilled Water) and Proce-
dure B (Synthetic Sea Water) using 60 ppm treat rate of
Example 3. The results obtained for Procedure A and Pro-
cedure B for Example 3 indicate no corrosion has taken
place.

Each of the documents referred to above is incorporated
herein by reference. Except in the Examples, or where
otherwise explicitly indicated, all numerical quantities in
this description specifying amounts of materials, reaction
conditions, molecular weights, number of carbon atoms, and
the like, are to be understood as modified by the word
“about.” Unless otherwise indicated, each chemical or com-
position referred to herein should be interpreted as being a
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commercial grade material which may contain the isomers,
by-products, derivatives, and other such materials which are
normally understood to be present in the commercial grade.
However, the amount of each chemical component is pre-
sented exclusive of any solvent or diluent oil, which may be
customarily present in the commercial material, unless oth-
erwise indicated. It is to be understood that the upper and
lower amount, range, and ratio limits set forth herein may be
independently combined. Similarly, the ranges and amounts
for each element of the invention may be used together with
ranges or amounts for any of the other elements. As used
herein any member of a genus (or list) may be excluded from
the claims.

While the invention has been explained, it is to be
understood that various modifications thereof will become
apparent to those skilled in the art upon reading the speci-
fication. Therefore, it is to be understood that the invention
disclosed herein is intended to cover such modifications as
fall within the scope of the appended claims.

We claim:

1. A process for preparing an additive comprising the
steps of:

(1) reacting a polymer derived from an olefin containing

2 to 8 carbon atoms with an acylating agent to form an

acylated polymer, wherein the acylating agent is an

alpha, beta-unsaturated mono- or polycarboxylic acid,
anhydride, ester or derivative thereof; and

(2) reacting the acylated polymer of step (1) with ammo-
nia or an amine in a medium that is an aliphatic
hydrocarbon oil of lubricating viscosity having a sul-
phur content of less than 25 ppm and a flash point of
105° C. or higher to form a succinimide product;

wherein the mole ratio of the acylating agent to polymer in
step (1) is from 1:1 to 1.4:1 and the reaction is carried out
in the absence of the halogen chlorine;

wherein the acylated polymer in step (1) contains less than
20 mole % of unreacted polymer;

wherein the acylated polymer of step (1) contains 60 wt %
or more as a mono-substituted acylated polymer; and
wherein the ratio of amine nitrogen groups to acylated
polymer carbonyl groups of the succinimide product is 1.3:1
to 2.7:1.

2. The process of claim 1, wherein the polymer has a
number average molecular weight of 450 to 2500.

3. The process of claim 1, wherein the olefin contains 3 to
6 carbon atoms.

4. The process of claim 1, wherein the polymer contains
a vinylidene group present on 60% or more of the polymer
molecules.

5. The process of claim 1, wherein the amine contains one
or more primary or secondary amino groups.

6. The method of claim 1 wherein the medium substan-
tially free of to free of sulphur has a sulphur content of less
than 4 ppm.

7. A composition comprising:

(a) a medium that is an aliphatic hydrocarbon of lubri-
cating viscosity having a sulphur content of less than 25
ppm and a flash point of 105° C. or higher; and

(b) an additive prepared according to a process compris-
ing the steps of:

(1) reacting a polymer derived from an olefin contain-
ing 2 to 8 carbon atoms with an acylating agent to
form an acylated polymer, wherein the acylating
agent is an alpha, beta-unsaturated mono- or poly-
carboxylic acid, anhydride, ester or derivative
thereof;, and
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(2) reacting the acylated polymer of step (1) with
ammonia or an amine in the medium to form a
succinimide product;

wherein the mole ratio of the acylating agent to poly-
mer in step (1) is from 1:1 to 1.4:1 and the reaction
of'step (1) is carried out in the absence of the halogen
chlorine;

wherein the acylated polymer in step (1) contains less
than 20 mole % of unreacted polymer;

wherein the acylated polymer of step (1) contains 60 wt
% or more as a mono-substituted acylated polymer;
and

wherein the ratio of amine nitrogen groups to acylated
polymer carbonyl groups of the succinimide product
is 1.3:1 to 2.7:1.

8. A method of imparting at least one of detergency,
dispersancy, corrosion inhibition or corrosion reduction to a
liquid fuel or lubricating composition, the method compris-
ing adding to said liquid fuel or lubricating composition a
composition comprising:

(a) a medium that is an aliphatic hydrocarbon of lubri-
cating viscosity having a sulphur content of less than 25
ppm and a flash point of 105° C. or higher;

(b) an additive prepared according to a process compris-
ing the steps of:

(1) reacting a polymer derived from an olefin contain-
ing 2 to 8 carbon atoms with an acylating agent to
form an acylated polymer, wherein the acylating
agent is an alpha, beta-unsaturated mono- or poly-
carboxylic acid, anhydride, ester or derivative
thereof;, and

(2) reacting the acylated polymer of step (1) with
ammonia or an amine in ft the medium to form a
succinimide product;

wherein the mole ratio of the acylating agent to poly-
mer in step (1) is from 1:1 to 1.4:1 and the reaction
of'step (1) is carried out in the absence of the halogen
chlorine;

wherein the acylated polymer in step (1) contains less
than 20 mole % of unreacted polymer;

wherein the acylated polymer of step (1) contains 60 wt
% or more as a mono-substituted acylated polymer;
and

wherein the ratio of amine nitrogen groups to acylated
polymer carbonyl groups of the succinimide product
is 1.3:1 to 2.7:1; and

(c) a liquid fuel or an oil of lubricating viscosity.

9. A fuel composition comprising a fuel and a fuel
additive prepared by:

(1) reacting a polymer derived from an olefin containing
2 to 8 carbon atoms with an acylating agent to form an
acylated polymer, wherein the acylating agent is an
alpha, beta-unsaturated mono- or polycarboxylic acid,
anhydride, ester or derivative thereof; and

(2) reacting the acylated polymer of step (1) with ammo-
nia or an amine in a medium that is an aliphatic
hydrocarbon oil of lubricating viscosity having a sul-
phur content of less than 25 ppm and a flash point of
105° C. or higher to form a succinimide product;

wherein the mole ratio of the acylating agent to polymer
instep (1) is from 1:1 to 1.4:1 and the reaction is carried
out in the absence of the halogen chlorine;

wherein the acylated polymer in step (1) contains less
than 20 mole % of unreacted polymer;

wherein the acylated polymer of step (1) contains 60 wt
% or more as a mono-substituted acylated polymer; and



US 9,481,841 B2
15 16

wherein the ratio of amine nitrogen groups to acylated
polymer carbonyl groups of the succinimde product is
1.3:1 to 2.7:1.
10. The fuel composition of claim 9 wherein the medium
substantially free of to free of sulphur has a sulphur content 5
of less than 4 ppm.



